The present study was performed to identify the association of PON1 rs662 polymorphism with serum lipid levels and human longevity in the Bama Zhuang population.
Background
The paraoxonase gene family includes at least three members: PON1, PON2, and PON3 [1] . PON1 is the most studied and best known member of the paraoxonase family [2] . The PON1 gene is located in the long arm of chromosome 7 (q21-q22) in humans and is known to be polymorphic [3, 4] . In addition, PON1 is a 43-45 kDa glycoprotein, synthesized in the liver and secreted in blood [5, 6] . PON1 is associated with coronary artery disease, stroke, Alzheimer's disease, chronic renal failure, metabolic syndrome, chronic liver impairment [7] [8] [9] [10] , and dermatosis such as psoriasis and systemic lupus erythematosus (SLE) [11, 12] . In addition to the aforementioned diseases, PON1 is also involved in ageing and longevity [13, 14] . Furthermore, studies have shown that the elevation of cholesterol is an important risk factor for coronary heart disease, which might contribute to human ageing and longevity [15, 16] .
Longevity and ageing are complex traits, resulting from the interaction between multiple genetic and environmental factors [17] . Studies of human twins suggest that genetic factors determine 15-30% of longevity traits [18] . PON1 is one of the longevity genes identified; other genes includes APOE, GSTT1, IL-6, IL-10, FOXO3a, and SIRT6 [19, 20] . Because PON1 is a serum HDL-bound enzyme that catalyzes the hydrolysis of organic phosphates and lipid peroxides and protects LDLs from oxidation [21] , PON1 plays an antioxidant role in lipid metabolism. These actions of PON1 exert a protective effect on the early progression of cardiovascular disease and atherosclerosis [22] .
The Bama Zhuang population, located in the Hongshui River Basin, Guangxi, has emerged as a known group for studying longevity, as the group has had a relatively consistent genetic background over the past few decades [23, 24] . Many efforts have been made to identify the environmental and genetic factors involved in the longevity of the population residing in the Bama region, but the specific mechanisms are still not clear. The association between T(-107)C, Q192R, and L55M PON1 polymorphisms and plasma or serum lipid levels in humans has been studied in several previous works [19, 25, 26] , but the relationship of PON1 polymorphism of rs662 and plasma or serum lipid levels in the longevity study participants has not been reported. In this study, we examined the relationship between the rs662 polymorphism of PON1 and the serum lipid profiles in the longevity group and two control groups to further explore the longevity in Bama nonagenarians/centenarians of the ethnic Zhuang population.
Material and Methods

Study population
In our study, all the participants were ethnic Zhuang from Guangxi Zhuang Autonomous Region, the People's Republic of China. Longevity was defined as living to 90 years of age or older. In this study, the longevity group included 110 individuals (27 males and 83 females, age range 90-110 years) and 110 unrelated participants (40 males and 70 females, age range 43-82 years) as the control 1 group (environment fit) from Bama County. There were 110 individuals included as the control 2 group (40 males and 70 females, age range 28-82 years) from Nandan County, which is about 160 kilometers from Bama County (environmentally unmatched). No long-lived family members were reported in the control 1 and control 2 groups. We selected long-lived family members if they had at least two siblings meeting the following inclusion criteria: (1) age 90 years or older, and (2) participant with one or more living brothers or sisters who satisfied the first criterion. The age of the participants was certificated officially through an identity card or residence registration booklet, and the accounts of their offspring and other important socio-demographic events. All participants were healthy and had no evidence of diseases associated with atherosclerosis, coronary heart disease, or diabetes. The participants were not taking medications known to affect serum lipid levels (for example statins or fibrates, beta-blockers, diuretics, or hormones). The study was approved by the ethics committee of Guangxi Medical University. Three hundred and thirty participants were enrolled in the study after obtaining written informed consent. The study was performed in accordance with the tenets of the Declaration of Helsinki. Weight and height were measured and body mass index (BMI) was calculated as the weight (in kilogram) divided by the square of height (in meters), kg/m 2 . Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a standard mercury sphygmomanometer.
Biochemical analysis
Blood samples were collected from each participant after an overnight fast. A venous fasting blood sample of 5 mL was obtained from each participant. About 3 mL of blood sample was used to determine serum lipid levels. The levels of total triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c) were determined by standard enzymatic methods with commercially available kits.
Genotyping
For genotype analysis, genomic DNA was extracted from 2 mL of whole blood in ethylenediaminetetraacetic (EDTA) tubes by 5155 the Chelex-100 method [27] . The extracted DNA was stored at -20°C until analysis. The PON1 rs662 polymorphism was detected by the Applied Biosystems 7500 Real-Time PCR System. Polymerase chain reaction (PCR) amplification for each polymorphism was performed in a volume of 10 μL with 1 μL of genomic DNA, 0.25 μL of Assay-on-Demand SNP Genotyping Assay Mix (40×) (Applied Biosystems Co., Ltd. US), 3.75 μL ddH 2 O, and 5 μL TaqMan Universal PCR Master Mix, No AmpErase UNG (2×). The cycling conditions were: predenaturation at 95°C for 10 minutes, followed by 43 cycles of denaturation at 92°C for 15 seconds, annealing at 60°C for 1 minute, and a terminal extension step of 72°C for 5 minutes. The fluorescence yield for the two different dyes was measured to obtain the allelic discrimination plot and identify individual genotypes (SDS 2.3 software, Applied Biosystems) following PCR.
Statistical analysis
Data analyses were conducted using SPSS 16.0. Continuous variables were presented as mean ±SDs. We used analysis of variance (ANOVA) to compare continuous variables (such as BMI, TC, TG, HDL-c, and LDL-c) and the chi-square test to compare categorical variables. The Hardy-Weinberg equilibrium was assessed using the Pearson's chi-square test. Allele and genotype frequencies were calculated directly. Differences in genotype and allele frequencies among the groups were estimated by the chi-square test. P values were subjected to Bonferroni's correction (p=0.05/number of comparisons), yielding a new p value (p<0.017, number of comparisons=3). The differences of serum lipid levels with different PON1 genotypes were evaluated using analysis of co-variance (ANCOVA). In order to assess the association between PON1 polymorphism and serum lipid levels, multiple linear regression analysis was performed. A p<0.05 on a two-tailed test was considered statistically significant.
Results
General characteristics and serum lipid levels
A summary of demographic and biochemical characteristics of the longevity and the control groups are provided in Table 1 . The BMI was lower in the longevity group than the two control groups. Serum concentrations of LDL-c and HDL-c and SBP and DBP in the longevity group were significantly higher than in the two control groups (p<0.01). The waist circumference and TG level were different (p=0.000) among the three groups; the maximum waist circumference and TG level were observed in the control 2 group. No statistically significant differences in gender, fasting blood glucose (FBG), or TC levels were found among the three groups.
Hardy-Weinberg equilibrium test of different populations
Three PON1 genotypes (GG, AG, AA) were detected and their genotype distributions in all participants were consistent with the Hardy-Weinberg equilibrium (p>0.05) ( Table 2 ).
Genotypic and allelic frequencies
GG was the dominant genotype in the control 1 and control 2 groups, with a frequency of 0.536 and 0.636, respectively. 
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However, AG was the dominant genotype in the longevity group, with a frequency of 0.464. The frequency of the GG genotype was obviously higher than other genotypes in all participants. We observed significant differences in the frequencies of the three genotypes (GG, AG, and AA) between the longevity and control 2 group (c 2 =15.190, p=0.001) ( Table 3 ). The allelic frequencies of PON1 rs662 are shown in Table 4 . The frequency of G and A alleles were 0.715 and 0.285, respectively. The MAF of rs662 in PON1was significantly higher in the longevity group than in the two control groups (c 2 =16.348, p=0.000).
Genotypes and serum lipid levels
The levels of HDL-c in the longevity group, but not in the two control groups, were different among the three genotypes (p<0.05) ( Table 5A ). The levels of TG for GG and GG+AG genotypes were significantly different, while the levels of TC and HDL-c for AG and GG+AG genotypes were significantly different (p<0.05) among the three groups (Table 5B) .
Risk factors for serum lipid parameters
Serum lipid parameters were associated with a few environmental factors, including age, gender, DBP, SBP, and BMI (Table 6 ).
Discussion
In our study, serum LDL-c, serum HDL-c, SBP, and DBP levels in the longevity group were significantly higher than in the two control groups. The highest TG levels were observed in the control 2 group. These aforementioned characteristics were consistent with other geriatric studies [28, 29] . The differences could not totally be explained by higher average age of the long-lived individuals. In this study, our main concern was whether and to what extent the polymorphism of PON1 rs662 was involved in the modulation of blood lipids and longevity profiles in the ethnic Zhuang population.
The present study showed that the genotypic and allelic frequencies of rs662 in diverse participants were different. These results suggest that the prevalence of the PON1 rs662 SNP may exhibit an age-related difference. Although the selected gene locus of PON1 was different, our results showed that PON1 is an age-related gene. Our study results are similar 
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to the results reported from a meta-analysis [30] . Our study showed that the levels of HDL-c in the longevity group were highest in the AG genotype because PON1 and serum highdensity lipoprotein (HDL-c) are closely linked together. At the same time, this trend was not shown to be significant in the two control groups, which indicated that the level of HDL-c was related to age. The current study demonstrated that the G allele carriers in the longevity population had higher serum HDL-c and TC levels than the control populations. There were significant differences of the levels of HDL-c and TG between the longevity group and the control 2 group. The participants of the longevity and the control 2 groups had different living environments and different genetic backgrounds. The participants from the Bama region mainly ate cornmeal porridge, and there was less environmental pollution in the Bama region compared to Nandan region. Other studies have shown that the rise of HDL-c and the decline of TG can reduce cardiac-cerebral vascular disease in the elderly [31, 32] . Our data indicated that the raising of HDL-c and decreasing of TG were due to rs662 SNP and environmental factors related to longevity.
Long-life populations rarely suffer from age-related chronic diseases such as coronary heart disease, atherosclerosis, and stroke. Many chronic diseases have an association with Table 5B . Genotype of the rs662 polymorphism and serum lipid levels in the longevity and two control groups.
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high blood lipid levels [33] , whereas PON1 is closely related to HDL-c. Our results suggest that rs662 polymorphisms of PON1 can affect the blood lipids levels of long-living individuals, and carrying the G allele may be a protective factor for longevity. This may be possible because PON1 plays an antioxidant role in lipid metabolism [34] and has a protective effect on progression of cardiovascular disease and atherosclerosis [35, 36] .
Lipid level's relation to longevity is complex, and phenotypes cannot be interpreted with single gene polymorphism. It is speculated that the influence of PON1 rs662 on lipid metabolism may be limited, similar to other lipid regulating genes such as phosphodiesterase 3A (PDE3A) rs7134375 [37] , rs2954029 of the Tribbles homolog 1 (TRIB1) gene [38] and MLXIPL/TBL2 rs17145738 [39] . Although the effect of a sole gene can be small, multiple genes can produce larger effects. These effects can be influenced by environmental factors such as diet, lifestyle, and the interactions of other lipid-related genes and environment by undetected pathways. In addition, people are exposed to different ways of life and different environments can change the effects of the genetic variation on blood lipids.
The present study showed that serum lipid profiles were related to age, gender, BMI, DBP, and SBP in the longevity group and the two control groups. Our results suggest that environmental factors are also important to serum lipid levels. Diet and lifestyles vary widely in different populations. Longevity is mainly associated with easily digestible plant-based foods, such as whole grains or corn with less fat and animal protein, and the intake of multiple small meals. However, younger individuals are more inclined to eat animal foods, which contain an abundance of saturated fatty acids. Thus, these findings may help identify susceptibility genes, suggest changes to unhealthy lifestyles, and reduce the impact of hyperlipidemia on people's health.
Our study had two main limitations. First, the small sample size and the lack of information on eating habits and life history may affect the interpretation of the results. Second, we studied the association of genetic polymorphisms with serum lipid levels and human longevity, but gene functional studies were not performed in our study.
Conclusions
PON1 polymorphism might be one of the genetic factors of longevity in the Bama Zhuang population. The PON1 rs662 SNP was associated with serum HDL-c levels in the longevity group.
